tion attempts carried out by inexperienced individuals. Truview EVO2 ® and Airtraq ® are newly developed laryngoscopes, which are integrated with an optical view system (3, 4) .
The Truphatek Truview EVO2 ® (Truphatek International Ltd, Netanya, Israel) is a recently introduced, easy viewing type of laryngoscope, modified from the blades of Macintosh-type laryngoscopes; these have an angle of 46° at the end of blade and include a camera system that magnifies the image (3) .
The Airtraq ® laryngoscope (ATQ; King Medical Systems, Newark, DE) is also a newly developed type of laryngoscope, which includes an optical imaging system. There is a channel on the device for the placement of the endotracheal tube. The endotracheal tube is inserted into the channel before the laryngoscope (4) . It has been reported that Airtraq is a novel, single use laryngoscope which provides glottis display without any deviation in the normal position of the oral, pharyngeal or tracheal axes (5) .
In the literature, there are many studies comparing the effects of these newly developed laryngoscopes on cervical motions in different scenarios with cadavers and normal patients (4, (6) (7) (8) (9) (10) . However, in these studies, individual vertebral motion was reported during placement of the tube, while the angulation of the head and neck and the difficulty of intubations were not clear.
In this study, our first hypothesis was that cervical extension during endotracheal intubation in Truview EVO2 ® and Airtraq ® types of laryngoscopes is less than that when using a Macintosh laryngoscope. The second hypothesis was that the endotracheal intubation time is similar to that of the Macintosh, which is used more often.
MATERIALS AND METHODS
After obtaining approval from Trakya University Local Ethical Committee, Edirne, Turkey and written consent from patients participating in the study, those patients who were to undergo general anesthesia for abdominal surgery, with an American Society of Anesthesiologists physical status of I to III, and who were aged between 20 and 75, were included in this study, between January 2011 and December 2012.
Patients were enrolled to this study in a randomized manner, from 150 patients who were to be operated upon in general surgery clinics. The randomization was done by selecting envelope. Patients were randomly assigned into three groups using the sealed envelope method according to the laryngoscope type; here, we used Macintosh type, Truview EVO2 ® type and Airtraq ® type laryngoscopes in the direct laryngoscopy Group (DL; n=50), Truview EVO2 ® Group (TV; n=50) and Airtraq ® Group (ATQ; n=50), respectively ( Figure 1 ). Our exclusion criteria were a history of emergency intubation or difficult intubation, a body mass index higher than 35 or a rheumatologic disease that causes limitation of cervical motion, a previous history of cervical operation or tumor, trau- ma or infection on upper airway, and the absence of teeth. Anthropometric measurements such as tiromental (thyroidea and gnathion) and sternomental (sternal and gnathion) distances, inter-incisor gap (between the lower and upper incisor teeth), neck circumference (at the level of the thyroid cartilage), and lower face height (between gnathion and subnasale) were measured and recorded by an anatomist the night before the operation. We excluded those patients with a tiromental distance of less than 6 cm, a sternomental distance of less than 12 cm, an inter-incisor gap of less than 3 cm, a neck circumference of more than 42 cm and a lower face height of between 5.5 and 8 cm. In addition, the Modified Mallampati scores were evaluated and recorded by an anesthesiologist. In the operating room, standard anesthesia monitoring was performed with the 3-way electrocardiogram (ECG), peripheral non-invasive blood pressure (NIBP) and oxygen saturation (SpO 2 ).
Anesthesia induction was performed with 2 to 2.5 mg/kg propofol intravenously, and then a compound of 2-2.5% sevoflurane + 50% O 2 + 50% N 2 O was inhaled and 0.5 to 0.6 mg/ kg rocuronium was given intravenously. Five minutes after the administration of rocuronium, the head of the patients was fixed in neutral position. While the ventilation with face mask, different manipulations could be performed to the head. Therefore, neutral position was applied to the head before the laryngoscopy. In this procedure, the head was stabilized as the infraorbital edge and tragus is perpendicular to the ground. An inclinometer (a 360 degree angle gauge) was placed on the forehead of the patients, so that the tip of the inclinometer fit the glabellar line (Figure 2, 3) . The inner diameters of the intubation tubes used for females and males were 7 to 7.5 mm and 8 to 8.5 mm, respectively. The intubation stylet was inserted into the intubation tubes in Group TV before the process was initiated. After applying a lubricant-free local anesthetic agent to the outer surface of the intubation tube, the tube was placed into the Airtraq® laryngoscope in Group ATQ before initiation of the process. The maximum angle of cervical extension was measured by an inclinometer. The head was neutrally positioned and the degree that the inclinometer showed was recorded. Then, the maximum degree shown by the inclinometer during laryngoscopy and tracheal intubation was recorded. The maximum angle of cervical extension was measured by subtracting the first and last recorded degree.
Also laryngoscopic view and Intubation Difficulty Scale (IDS) scores were assessed and recorded for all patients. An IDS score of 0 to 4 suggests easy intubation, and ≥5 denotes a difficult intubation.
The duration from the laryngoscope blade passing the lips and the placement of the tube into trachea was recorded as the intubation process time (IPT).
All intubations were performed by one anesthesiologist (Dr. Colak) to eliminate differences among the anesthesiologists' experiences. If the IPT was more than 120 seconds, the patients were ventilated for 1 minute with a face mask, and then intubation was performed using a fiberoptic laryngoscope for unsuccessful ones in Groups DL, TV and ATQ; those patients were excluded from the study. Finally, all of the patients were intubated.
Statistical analyses
Statistical analyses were performed using the STATISTICA AXA 7.1 (StatSoft Inc., Tulsa, OK, USA) statistical software. The suitability of the data within the normal distribution was assessed using the one-sample Kolmogorov Smirnov test. For intergroup comparisons, the one-way analysis of variance (ANOVA) and post hoc Bonferroni tests were performed for patients within normal distribution, while Kruskal Wallis variance analysis and 
RESULTS
One hundred and fifty patients were included in this study. One of the 50 patients in Group DL, 2 of the 50 patients in Group TV, and 4 of the 50 patients in Group ATQ were excluded from the study because of a longer IPT than calculated before (maximum 120 seconds). There was no difference between the groups of excluded patients (p=0.350).
There was no statistically significant difference between demographic data and anthropometric measurements and Mallampati Scores (p=0.168) ( Table 1) .
Cormack-Lehane Scores were statistically different between groups (p=0.001). Cormack-Lehane scores of the DL Group were found to be significantly higher than those of the TV and ATQ Groups (p=0.001 and p=0.002, respectively), whereas there was no statistically significant difference between Group TV and Group ATQ (p=0.906) ( Table 2 ).
The angle of cervical extension during laryngoscopy was found to be 27.24±6.71 o , 18.08±7.53 o , and 14.54±4.09 o in Group DL, TV and ATQ, respectively; these differences also had statistical significance (p=0.000). The angle of cervical extension in Group DL was found to be significantly higher than that of Group TV and Group ATQ (p=0.001 and p=0.001, respectively). There was no statistically significant difference between Group TV and Group ATQ (p=0.021) ( Table 3) .
The IPTs were 13.59±5.49 seconds, 23.60±15.23 seconds, and 29.80±13.82 seconds in Groups DL, TV and ATQ, respectively. The differences in these durations were statistically significant (p=0.001). The IPTs in Group DL were found to be significantly lower than those of Group TV and Group ATQ (p=0.001 and p=0.001, respectively), and the IPTs in Group TV were found to be significantly shorter than those of Group ATQ (p=0.005) ( Table 3) .
There was no statistically significant difference between the groups of patients that were found to have IDS score equal to or more than 5 (p=0.998). When the tests included in IDS were examined one by one, a statistically significant difference was found between N3, N4 and N5 (p=0.001, p=0.001 and p=0.016, respectively). N3 was found to be significantly higher in Group TV than Group DL and Group ATQ (p=0.001 and p=0.001, respectively), and was found to be significantly higher in Group ATQ than Group DL (p=0.009). N4 was found to be significantly higher in Group DL than Groups TV and ATQ (p=0.001, p=0.011, respectively), while there was no statistically significant difference between Groups TV and ATQ (p=0.485). N5 in Group DL was found to be significantly different than in Group TV (p=0.009), while there was no statistically significant difference between Group DL and Group ATQ, and Group TV and Group ATQ (p=0.084 and p=0.289, respectively) ( Table 4) .
No complications such as laceration, throat bleeding, dental fracture, or blood on the blade of the laryngoscope were observed in all intubations. , etc.) were developed for use in a variety of situations such as difficult intubations, trauma patients, or to make the intubation process easier for inexperienced hands. In our study, we compared the Truview EVO2 ® and Airtraq types of laryngoscopes with the Macintosh-type laryngoscope which has been considered to be the gold standard, in terms of intubation difficulties, maximum angle of head and neck extensions, intubation process times, and complications.
Cervical extension, airway tissue deformation, spine and airway soft tissue properties and applied force for laryngoscopy are important for cervical motion during endotracheal intubation (11) . The view of the glottis and intubation with videolaryngoscopes can be successful with 30 to 50% less cervical extension compared with a Macintosh laryngoscope (4).
Truview EVO2 ® laryngoscopes have been reported to have advantages in patients with a low risk of difficult intubation when compared to the Macintosh-type laryngoscope (12, 13) , whereas, in some case reports, patients with difficult intubation with Macintosh laryngoscopes have been reported to have successful intubations with Truview EVO2 ® -type laryngoscopes (14, 15) .
The angle of cervical motion during laryngoscopic intubations has been examined in different trials (9, 10) . However, these studies were mostly focused on movements of single cervical vertebrae, not total movements. Unlike other studies, we evaluated maximum cervical motion from the beginning of laryngoscopies to the end of the intubations in a large number of patients. We have found the angulation values to be 27.24±6. ® and 23.11±5 sec. with Macintosh in their study comparing two types of laryngoscopes. The intubation times in that study were slightly longer than the IPTs in our study. The reason for this longer intubation time is that they used the time with capnograph wave to determine the duration of intubation after intubation.
The sum of IDS scores did not differ between the groups in terms of difficult intubations in our study. However, Cormack Lehane scores (IDS N4) were found to be significantly higher in the Macintosh group. This is because of the visualizations from different angles provided by laryngoscopes with optical cameras.
One of the limitations of our study was the lack of blinded assessments of the type of laryngoscopes by the anesthesiologist. In addition, all intubations were performed by single experienced anesthesiologists; this may therefore result in different outcomes from those of less experienced healthcare workers. Moreover, this study excluded potential difficult intubations. However, the aim of the study attempts to tackle cervical extension, which is only a concern in the potentially unstable cervical spine when manual in-line stabilization is held. The clinical significance of the results found from this study over cervical traumatic patients can be tested.
In conclusion, it was determined that the amount of maximum cervical motion during intubation with Truview EVO2 ® and Airtraq ® laryngoscopes was less than with Macintosh-type laryngoscopes, but the longer duration of implementation was not clinically significant.
